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ABSTRACT
The objective of th is  study was to use Landsat multi spectral scanner 
(MSS) d ig ita l data 1n combination with concurrently collected in s itu  
data fo r the assessment and mapping of water q ua lity  parameters w ith in 
Atchafalaya Bay, Louisiana and adjoining estuarlne waters. The water 
q u a lity  parameters Investigated were suspended solids and s a lin ity .
The approach required the co llection  of water qua lity  samples by 
he licopter at 33 preselected sample s ites w ith in  two hours of the over­
pass of the Landsat spacecraft. S ta tis tic a l regression models were 
developed between the Landsat MSS data and each of the water qua lity  
parameter measurements. The regression models were extended to the 
e n tire  study area fo r mapping the water qua lity  parameters.
The results included s ta t is t ic a l summaries fo r the regression models 
and a series of coded gray maps corresponding to the d ig ita l ly  enhanced 
Landsat MSS data. A set of gray maps were produced fo r each of the 
water qua lity  parameters, with one map representing one water class 
w ith in  each parameter. Based upon an analysis of the s ta t is t ic a l results 
and the coded gray maps, the follow ing conclusions were indicated: (1)
Landsat MSS data provided a highly re lia b le  method fo r mapping the 
d is tr ib u tio n  and spatia l extent of suspended solids concentrations in the 
study area; (2) c ircu la tion  patterns fo r suspended solids were c learly  
v is ib le  on the coded gray maps; and (3) the accuracy of using th is  type 
o f Landsat analysis as a means of mapping s a lin ity  was doubtful.
ix
INTRODUCTION
The Atchafalaya Bay 1s situated along the Gulf coast of south central 
Louisiana (F1g. 1). At the mouth of the Lower Atchafalaya River, a new 
de lta  has been forming since 1972 (Roberts et a l . ,  1980). The Atchafalaya 
Delta and the surrounding Bay areas are presently under intense study by 
federa l, sta te, and local agencies. The processes forming the new delta 
w i l l  have a major impact on the environment of th is  coastal region.
The channel between the Atchafalaya River and the Mississippi River was 
dredged fo r navigational purposes during the 1800's, and evolved in to  an e f f i ­
c ien t natural d is tr ib u ta ry  of the Mississippi River by about 1950. From the 
juncture , the course of the Atchafalaya River to the sea is about 300 km shorter 
than tha t of the M ississipp i. The resu lting  d ifference 1n gradient between 
the two rive rs  would seem to favor abandonment by the Mississippi River 
of i t s  present channel. The capture of the M ississippi by the Atchafalaya 
was predicted by Fisk (1952) to occur by the year 1975. In 1963 the U.S.
Army Corps of Engineers completed a control structure to  prevent the 
otherwise inev itab le  diversion of the M ississipp i; flow through the 
channel is  presently res tric ted  to about 30% of the 1950 Mississippi 
flow regime.
During the f i r s t  ha lf of the 1900's, there was l i t t l e  increase in the 
sediment load at the mouth of the Atchafalaya despite the steady flow 
increases through the diversion channel. Sediments were steadily being 
deposited in the vast basin of the Atchafalaya, however, and by the 1950‘ s 
the basin was reaching a sed im ent-filled  state. This condition resulted
1
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Figure 1. Regional se tting , Atchafalaya Bay. Louisiana 
Modified from Roberts et a l. ,  19B0.
3in  rapid sedimentation fo r the f i r s t  time at the mouth of the 
Atchafalaya, and In it ia te d  the subaqueous phase of delta formation 
{Shlemon, 1975).
The subaqueous delta extended to the Pt. Au Fer Shell Reef by the 
early 1970's, but no surface manifestations of the delta were evident 
u n t il 1972 when small shoals were observed fo r the f i r s t  time on the 
eastern side of the navigation channel. The subaerial delta formation 
was confirmed when the floodwaters of 1973 subsided and exposed w e ll- 
developed natural subaerial delta lobes on both sides of the channel 
(Roberts et a l . ,  1980).
The Atchafalaya Delta has continued to expand, and by 1976 over 
32 km2 of new land had been created (Rouse et a l . ,  1978). Van Heerdon 
and Roberts (1980) estimated that the delta w il l  eventually cover nearly 
750 km2 w ith in  the Atchafalaya Bay. The estimate given by Shlemon (1975) 
is  s lig h t ly  greater at 950 km2 , but th is  estimate also Includes new land 
tha t w il l  be formed on the adjacent she lf.
These sedimentary processes w il l  have far-reaching e ffects  on the 
environment of coastal Louisiana. H is to r ic a lly  the dominant process 
along th is  coast has been erosion rather than deposition, and the result 
has been coastal re trea t and the associated loss of coastal wetlands.
The growth of the delta 1s expected to establish new marshlands, which 
to  some degree w il l  o ffse t the more generalized loss of wetlands in 
Louisiana. On the other hand, the sedimentation associated w ith the 
de lta -bu ild ing  processes has already had serious detrimental effects on 
local oyster production.
4Coastal wetlands and estuarine systems have long been recognized as 
complex and hl'ghly productive b io log ica l environments. The coastal wet­
lands of Louisiana are more extensive than those of any other state in 
the contiguous United States, and are extremely productive (Gagliano 
et a l . ,  1971). According to  s ta t is t ic s  compiled by the U.S. Department 
o f Commerce (1978), in 1977 Louisiana exceeded a ll other states in land­
ings of estuarine-dependent fish  and s h e llf is h . B a rtle tt and Klemas 
(1980) asserted that the importance of Gulf estuarine systems to local 
fish e rie s  is  undeniable. They also stated tha t of a ll the complex wet­
land and estuarine in te rac tions , the e ffec t of water q u a lity  is  the 
least studied.
Spspended solids and s a lin ity  play a major role 1n the environment 
o f the Atchafalaya Bay and estuarine system. The increased sedimentation 
in  the Bay has created valuable new wetlands. High sediment concentra­
tio n s , however, have already caused notable environmental damage. Recent 
deposition 1n the Bay, fo r example, caused the death of the Pt. Au Fer 
oyster reef, once possibly the largest in the world (Shlemon, 1972). 
Sediments having a high organic content can s ig n if ic a n tly  reduce the 
amount of available oxygen at depth. High inorganic concentrations can 
so e ffe c tiv e ly  block lig h t  penetration tha t primary production is  a ffe c t­
ed (Jerlov et a l . ,  1972). Deposition of these sediments can also a lte r  
the structure and p rodu c tiv ity  of the sea f lo o r  (Hunter, 1973). Some 
economically important species, such as the oyster, are highly sensitive  
to  high suspended so lid  concentrations, p a rtic u la r ly  during the larva l 
stage (B a rtle tt and Klemas, 1980).
5S a lin ity  can e ffec t the d is tr ib u tio n  of organisms and vegetation in 
an estuarine environment. Also, short and long term variations in the 
s a lin ity  can a lte r  the aquatic production of the estuary. B a rtle tt and 
Klemas (1980) observed that s a lin ity  is  c r i t ic a l fo r the spawning of a 
number of estuarine organisms. Khorram and Knight (1977) showed that 
s a lin ity  1s an important fac to r in  the survival and growth of many 
aquatic organisms.
Numerous investigators have mapped water qua lity  parameters using 
remote sensing data combined with in s itu  water samples. Sediment plumes 
and c ircu la tio n  patterns have been detected and measured using aeria l 
photography (Klooster and Sherz, 1973; L illesand et a l . ,  1975; and Lo, 
1976); other Investigators have used airborne and spacecraft multispec- 
t r a l scanners (Klemas et a l. ,  1973 and 1974; Williamson and Garbeau,
1973; Yarger et a l , 1973 and 1975; Clark et a l. ,  1974; K ritikos et a l. ,
1974; Barker, 1975; Bowker et a l . ,  1975; Brooks, 1975; Johnson, 1975,
1976, 1977, and 1978; Johnson and Harriss, 1980; Rogers et a l. ,  1975;
Sherz et a l . ,  1975; R itchie et a l . ,  1976; Bartolucci et a l . ,  1977;, 
Khorram, 1979a, 1979b and 1981). Microwave radiometers are the primary 
sensors presently used fo r the remote measurement of s a lin ity  d is tr ib u ­
t io n s , but in at least one study (Khorram, 1979a) a corre la tion was 
shown between data collected by the Landsat multi spectral scanner and 
in s itu  s a lin ity  measurements.
Conventional shipboard measuring techniques can also be used fo r a 
quan tita tive  evaluation of water q u a lity . Point data are collected at
6numerous s ite s , analyzed, and then extrapolated to  cover the area of 
in te re s t. This method, however, is  most useful fo r re la tiv e ly  small 
areas, since budgetary constraints frequently re s tr ic t  the number of 
samples. This in turn lim its  the size of the study area, and also the 
repea tab ility  of sampling In a temporal sense.
A number of resource management agencies, including the U.S. Army 
Corps of Engineers, have established as a long range goal the develop­
ment of techniques to  predict the behavior of water constituents such 
as suspended sediments and s a lin ity  in estuarine systems (Williamson 
and Grabau, 1973). The volume of data required to provide the necessary 
synoptic view of a large estuary over a long period of time would be 
enormous and would be impossible to  co lle c t by conventional sampling 
methods. As a practica l solution to  th is  problem, Lillesand et a l .
(1975) suggested tha t water q ua lity  standards be established or updated 
to  allow fo r the application of synoptic remote sensing techniques.
Phil pot and Klemas (1979) stated that spacecraft sensing systems are the 
only devices which can provide the necessary synoptic view of the large 
areas under observation.
Considering the size of the Atchafalaya Bay and related waters, i t  
would be nearly impossible to  monitor the water qua lity  by using surface- 
co llected data alone. For th is  reason, remote sensing techniques using 
data from the Landsat m ultispectra l scanner o ffe r the follow ing 
advantages:
1. Timeliness: The acquis ition of the Imagery is  related d ire c tly
to  overpasses of Landsat, which fo r Landsat-3 occur every 18
7days. Repeat coverage fo r the newly-launched Landsat-4 occurs 
every 16 days. This means that barring inclement weather, every 
16-18 days data can be collected fo r the en tire  study area. Once 
p red ic tive  models have been developed, the analysis of the data 
and the production of f in a l results can be accomplished quickly 
and e f f ic ie n t ly  by computer.
2. Cost-effectlveness: Despite price increases e ffec tive  on October
1, 1982, each Landsat scene received on computer compatible tapes 
(CCTs) has a cost of only $650.00. Computer processing is  an 
additional cost, but the overall expense is  fa r less than f ie ld  
sampling techniques.
3. Spatial data; The most lim it in g  factors in conventional surface 
water qua lity  data co llec tion  are the cost and the time 
associated with the co llec tion  of adequate samples. This very 
often causes the number of samples to be s ta t is t ic a lly  
inadequate. Remote sensing o ffe rs an a lte rna tive  to th is  c r i t i ­
cal problem of water q u a lity  mapping.
Remote sensing techniques have been used previously in the Atchafalaya 
Bay and other Gulf coast areas fo r water q ua lity  mapping. S a lin ity  was 
measured using microwave radiometers in the coastal waters of M ississippi 
and Louisiana {Atwell and Thomann, 1972; Paris et a l . ,  1972; Thomann, 
1972). Sediment concentrations and tu rb id ity  patterns were mapped using 
Landsat imagery and visual analysis techniques 1n the Atchafalaya Bay by 
Cunningham (1978), and o ff the Gulf coast of Texas by Hunter (1973). In
8other studies in d ire c tly  related to  water q u a lity , Landsat multi spectral 
scanner d ig ita l data was used to estimate the exposed land w ith in  the 
Delta (Rouse et a l. ,  1978), and to study bar forms (Roberts et a l. ,  
1980). I t  1s believed that th is  study is  the f i r s t  to  combine Landsat 
m ultispectra l scanner d ig ita l data with surface-tru th  measurements to 
q u a n tita tive ly  map water q ua lity  parameters in the Atchafalaya Bay.
OBJECTIVE
The object of th is  investigation was to use Landsat m ultispectral 
scanner (MSS) d ig ita l data in combination with concurrently collected 
in s itu  data fo r the assessment and mapping of water qua lity  parameters 
in  the Atchafalaya Bay, Louisiana. The water q ua lity  parameters of 
in te re s t were suspended sol Ids and s a lin ity .
The water samples were collected on February 9, 1979 between the 
hours of 8:00AM and 12:00PM (C.S.T.). The MSS data collected by 
Landsat-3 was acquired at precisely 9:57AM.
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STUDY AREA
geographic Location
The Atchafalaya Bay 1s located at 29*25* north la titu d e , 91*25' west 
longitude on the south-central Louisiana coast. The Bay 1s bounded on 
the east, north, and west by extensive coastal wetlands. The seaward 
l im it  is  formed by the Pt. Au Fer Shell Reef, which serves as an effec­
t iv e  wave b a rr ie r. Water depths w ith in  the Bay do not exceed ten fee t. 
Numerous offshore o il wells and d r i l l in g  platforms are scattered through­
out the area.
The boundaries of the study area were chosen to  l ie  well beyond the 
confines of the Bay i t s e l f ,  however. This was done fo r two reasons:
(1) to insure that most, 1f not a l l ,  areas impacted by the sediment­
laden discharge of the Atchafalaya River would be included in the analy­
s is , and (2) to  include additional land or marsh fo r potentia l ground 
contro l points in the geographic referencing of the Landsat data to 
ground coordinates.
The shape of the study area 1s a skewed - parallelogram, which 
conforms to the appearance of the Landsat data. The eastward ro ta tion  of 
the earth beneath the s a te l l i te  during image acqu is ition  causes each 
sweep of the m ultispectra l scanner to view an area s lig h t ly  to the west 
o f the previous scan. This e ffe c t is  corrected by o ffse ttin g  each scan 
lin e  of the Landsat data. The northern boundary was fixed as the f i r s t  
scan lin e  of the Landsat scene, and lie s  between coordinates 29*25'N, 
90“ 37'W and 29"38'N, 92“05'W. The southern boundary of the study area 
was established by v isu a lly  inspecting the Landsat data on a display
10
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device using Image processing equipment. The foremost consideration in 
loca ting  th is  boundary was the inclusion of those sample s ites located 
fa rthes t from shore. One other important consideration was to insure 
tha t the seaward edge of the study area was situated over re la tive ly  
sediment-free ocean water, with v ir tu a l ly  no reflectance 1n the infrared 
region of the Landsat data. These conditions being met, the southern 
boundary was somewhat a rb itra r i ly  selected to  l ie  about 60 km o ff the 
coast, between coordinates 28°57'N, 90°43'W and 29°10'N, 92°H'W.
The study area includes Marsh Island and East Cote Blanche Bay to the 
west, and extends to  the east as fa r as Caillou Bay and the Isles 
Dernieres {Fig. 2). The dimensions of the study area are approximately 
157 km by 78 km, w ith a corresponding area of about 12,246 km2 (4,728 
mi2 ). In the Landsat system of p icture  elements, th is  translates to 994 
lines by 2,800 elements.
Environmental Conditions
The average discharge of the Atchafalaya River at Simmesport, 
Louisiana, near the diversion channel, was 7,330 cms (259,000 cfs) during 
the period 1972-1976. The maximum flow on record fo r these years was 
22,100 cms (781,000 cfs) which occurred on May 12, 1973 (USGS, 1979).
High flows generally take place between January and June.
The Atchafalaya discharges in to  the Bay at two points: the Lower
Atchafalaya River Outlet and the Wax Lake Outlet. Of the to ta l flow of 
the Atchafalaya at Simmesport, about 70% passes through the Lower 
Atchafalaya Outlet. The remaining 30% is  diverted through the Wax Lake 
O utle t. The average annual peak flow of the Lower Atchafalaya Outlet is  
about 8,500 cms (300,000 c fs ). On February 9, 1979 when the Landsat
East Cole 
Blanche Bay
Caittou Bay
GULF OF M EXICO
20 mi.
20 K m .
Figure 2. Study area including Atchafalaya Bay.
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overpass occurred, the discharge at the Lower Atchafalaya O utlet, as 
measured at Morgan C ity , was approximately 5,950 cms (210,000 c fs ). The
flow at Calumet on the Wax Lake Outlet was 3,480 cms (123,000 c fs ).
These values fa l l  on the ris in g  limb of the hydrograph, Ind icating a 
pre-flood condition (F1g. 3). The concentration of suspended sediments 
at Morgan City was on the order of 300 mg/1 (F1g. 4).
Local weather conditions at the time of the Landsat overpass were 
of considerable importance, since any cloud cover or even a heavy haze 
would have seriously degraded the MSS data. The decision to  co lle c t the 
surface tru th  on the day of th is  p a rticu la r s a te ll i te  pass was made only
a fte r  careful observation of the weather fo r the p r io r 48 hours.
The study area on February 9 had witnessed the passage of a w inter 
cold fron t less than 24 hours before (F1g. 5). Since Atchafalaya Bay 
lie s  midway between New Orleans and Lake Charles, meteorologic data 
collected at these two stations was used to  document the weather condi­
tions  at the study area. At New Orleans during the s a te ll i te  pass, the 
wind was blowing from the north at 15 knots (17.2 miles per hour). At 
Lake Charles, the wind speed was 11 knots (12.7 miles per hour), also 
from the north (Table 1). The temperature at New Orleans was 36°F (N0AA, 
1979). Heavy bands of clouds associated with the cold fro n t lay to  the 
south of the Bay (F1g. 6), but by 8:00AM the sky immediately above was 
c lear. Barometric a ir  pressure was ris ing  and the weather was dominated 
by a cold high pressure a ir  mass located to  the northwest (F1g. 5).
Surface winds, especially those related to the passage of w inter 
cold fro n ts , can have a dramatic e ffec t on the levels of water in Atcha­
falaya Bay. The mean t id a l range of the Bay 1s about 0.4m, with an 
extreme range of 0.8m (Van Heerdon, 1980; Rouse et a l . ,  1978). Southerly
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Figure 3. Peak monthly discharge of the Atchafalaya River, 1978-79. 
Source: USGS, 1980 and 1981.
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SCALE AT 30° N LAT
500 naut. mi
Figure 5. Surface weather map at 6:00 AM (C.S.T.), 
February 9, 1979. Source: NOAA, 1979.
17
Table 1. Wind speed and d irection  at Lake Charles and New Orleans, 
Lou siana on February 7-9, 1979.
Win. speed 1s measured 1n knots. Wind d irec tion  1s 1n 
10 's of degrees from true north. Source: NOAA, 1979.
LAKE CHARLES NEW ORLEANS
DATE HOUR DIRECTION SPEED DIRECTION SPEED
Feb 7,1979 00 29 10 28 16
03 28 12 28 15
06 31 10 29 12
09 31 12 30 12
12 33 12 34 12
15 34 11 33 8
18 31 6 34 10
21 35 3 32 8
00 17 6 33 5
Feb 8,1979 03 20 6 04 6
06 15 6 24 3
09 14 6 34 3
12 20 8 22 12
15 19 10 24 11
18 20 7 22 6
21 31 8 22 5
00 34 15 27 8
Feb 9,1979 03 34 15 33 13
06 34 10 35 20
09 36 11 35 15
12 03 10 01 14
15 36 11 35 10
18 08 9 35 8
21 08 6 03 9
Figure 6 Cloud bands associated with the cold fron t 
to  the south of Atchafalaya Bay, at the 
time of the Landsat overpass.
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winds associated with the approach of a cold fro n t, however, tend to move 
water in to  the Bay. These wind-generated tides may Increase water levels 
by as much as 0.95 m. As a cold fro n t passes over the Bay, winds s h if t  
and blow from the north. Water levels are depressed rapidly under these 
conditions by up to  0.95 m.
Tide gauge records from three stations operated by the U.S. Army 
Corps of Engineers were obtained to document t id a l conditions at the 
time of the Landsat pass. Station 03850 (Fig. 7) is located at Deer 
Is land, near the mouth of the Lower Atchafalaya River Outlet. Station 
88800 (Fig. 8) is  at Lukes Landing 1n East Cote Blanche Bay. Station 
88600 is  on Eugene Island near the in tersection of the navigation channel 
and Pt. Au Fer Shell Reef; the recording device on th is  gauge malfunc­
tioned during the s a te ll i te  pass, however, and no useable record was 
acquired.
A study of the tid e  gauge records reveals the e ffec t of the surface 
winds on water levels 1n the estuary. The records fo r both Deer Island 
and Lukes Landing display a pronounced buildup of water on February 8. 
This correlates d ire c tly  w ith the steady southerly winds noted at Lake 
Charles on that date (Table 1). Both records also show a dramatic drop 
in  water levels beginning at about midnight on February 9, ten hours 
before the s a te ll i te  pass. This rapid drop is  the resu lt of strong 
northerly winds fo llow ing the passage of the cold fro n t. The weather 
data fo r Lake Charles (Table 1) c learly  shows tha t at about 9:00PM 
(C.S.T.) the wind sh ifted  and began blowing from the north. There was 
also a s ig n ifica n t increase in wind speed.
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Figure 7. Portion of the tide  gauge record fo r Station 03850 
Deer Island, February 6- 10, 1979.
Source: USAC0E Tide gauge charts provided by R.H.W. Cunningham
L.5.U. Center fo r Wetland Resources.
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Figure 8 . Portion of the tide  gauge record fo r Station 88800,
Lukes Landing, February 6-10, 1979.
.SoSr?:e :^ u5aC0E Tide gauge charts provided by R.H.W. Cunningham, 
L.S.U. Center fo r WetTana Resources.
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MATERIALS AND METHODS
The approach required the concurrent acqu is ition  o f: ( I)  Landsat-3
m ultispectra1 scanner (MSS) d ig ita l data; and (2) water qua lity  samples 
collected by he licopter. Regression models were developed between each 
o f the water qua lity  parameter measurements and the Landsat MSS data. 
These models were then extended to the en tire  study area fo r mapping the 
selected water q u a lity  parameters fo r the given date. Materials and 
methods have been divided in to  the fo llow ing sections: (1 ) surface-
tru th  data, (2) remotely-sensed data, (3) laboratory analysis of water 
q u a lity  samples, (4) analysis of Landsat d ig ita l data, (5) development 
o f s ta t is t ic a l models, and (6 ) production of f in a l resu lts .
Data Sources
Landsat MSS data and in s itu  water qu a lity  samples were collected fo r 
the analysis.
Surface -  truth data. The sampling scheme was designed to acquire a ll 
water samples w ith in  two hours of a Landsat overpass. Because of the 
dynamic state of the water, the approximate conditions at the time of 
the overpass can only be determined by water samples taken during th is  
lim ite d  period. This is  in general agreement with a number of previous 
studies (Bowker et a l . ,  1975; Brooks, 1975; Lillesand et a l . ,  1975; 
Johnson, 1978; Khorram, 1981).
A he licopter was chartered in Morgan C ity on a stand-by basis fo r the 
co lle c tio n  of the water samples. For 48-hours p r io r to  each s a te ll ite
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pass, the local weather conditions were studied. I f  atmospheric condi­
tions on the morning of the overpass were unfavorable fo r acquiring 
cloud-free data of the study area, the mission was cancelled. Several 
missions p rio r to  February 9, 1979, were cancelled fo r th is  reason.
A helicopter was used because of the size of the study area, and 
also because of i ts  remote location . The use of boats would have been 
im practical fo r two reasons. F irs t,  a large number of boats would have 
been required to co lle c t an adequate number of samples 1n the a llo tte d  
time frame. Secondly, there was always the p o s s ib ility  of cancellation 
due to weather, even at the la s t moment. The cost of transporting boats 
and personnel to  Morgan C ity under these conditions was p ro h ib itive .
As the he licopter hovered over pre-selected sample s ite s , surface- 
tru th  data was collected by lowering a 500 ml b o ttle  in to  the water to a 
depth of approximately one foo t. This technique was also used by Bowker 
and Witte (1977). The sample s ites  were chosen to  represent as random a 
pattern as possible throughout the estuary and the sediment plume. The 
d i f f ic u l t y  involved in establish ing the precise position of the h e li­
copter at each s ite , however, required that sample s ites be located near 
features such as navigational aids which could be id e n tif ie d  on a map or 
chart. Th irty-th ree  water samples were collected fo r the experiment 
(F ig. 9). Although time and the expense of the he licopter rental lim ited  ' 
the number of samples, a minimum of 30 samples was desired to permit 
adequate s ta t is t ic a l evaluation. The water samples were taken imme­
d ia te ly  to  the Coastal Studies In s titu te  laboratory at Louisiana State 
University fo r analysis.
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Figure 9. Location of water qua lity  sample sites and ground control points 
in the study area.
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Remotely-sensed data. The multi spectral scanner d ig ita l data fo r the 
study was collected by the Landsat-3 Earth Resources Technology 
S a te llite .
1. Landsat-3 sa te llite :
The Landsat-3 spacecraft was launched in March, 1980 and placed in 
a near-polar c ircu la r o rb it at an a ltitu d e  of 970 km (570 m iles). Except 
fo r  polar areas, any point on earth is viewed by Landsat-3 every 18 days.
The m ultlspectral scanner (MSS) aboard Landsat-3 is  a line-scanning 
device which responds to lig h t re flected from the Earth in the four 
spectral bands shown 1n Table 2. An o s c illa tin g  m irror provides a cross- 
track scan lin e  185 km along on the surface. For each sweep of the 
m irro r, s ix lines are scanned fo r each of the four bands. The sa te l­
l i t e 's  forward motion provides the along-track progression of the scan 
lin e s , resulting in a continuous s tr ip  of imagery. During ground pro­
cessing, the data are divided in to  segments with a 10% overlap, each 
covering an area on the ground 185 km by 185 km.
2. Landsat multlspectral scanner (MSS) d ig ita l data:
Brightness values, or gray leve ls , are d ig ita l values recorded by
the m ultlspectral scanner. These values correspond lin e a rly  with the 
radiance in Watts/cm2 s tr ik in g  a detector in the scanner. In th is  study, 
brightness values recorded on the Computer Compatible Tapes (CCTs) were 
used fo r a ll d ig ita l image processing and analysis.
The brightness values correspond to the radiance received from a 79- 
meter-square area on the surface, which represents the nominal instanta­
neous f ie ld  of view (IFOV) of the scanner. The IFOV is  determined by the 
focal length of the telescope, the nominal a ltitu d e  of the spacecraft, 
and the dimensions of the lig h t pipes at the focal plane (USGS, 1979).
Table 2
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Spectral ranges of the Landsat-3 m ultlspectra l 
scanner In four bands.
Band Spectral range 
(micrometers)
4 0.5 -  0.6
5 0.6 -  0.7
6 0.7 - 0.8
7 0.8  - 1.1
Ind ividual MSS detectors are sequentially sampled during data ac­
q u is it io n  to  produce a seria l d ig ita l data stream. The nominal ve loc ity  
o f each detector 1s 5.612 meters per microsecond in the cross-track scan 
d ire c tio n . The detectors are sampled every 9.958 microseconds, which 
allows the 79 by 79 meter Image to  move forward about 56 meters. The 
sample thus represents 23 meters of previous information and 56 meters 
o f new inform ation. The e ffe c tive  IFOV of a detector in the cross-track 
d irec tion  is  56 meters, which corresponds to  a nominal pixel (p ic ture 
element) area of 56 by 79 meters at the nadir (USGS, 1979).
Landsat data are rad iom etrica lly and geometrically corrected at the 
NASA/Goddard Space F ligh t Center, Greenbelt, Maryland. The data are then 
relayed via a communications s a te ll i te  to the Earth Resources Observa­
t io n  Systems (EROS) Data Center in Sioux Fa lls , South Dakota.
The Landsat-3 MSS data fo r th is  Investigation were obtained from the 
EROS Data Center 1n the form of Computer Compatible Tapes (CCTs).
General Approach
Once the data had been co llected, water samples were analyzed in the 
labora tory, and corresponding brightness values were located on the 
Landsat data. Spectral data fo r these sample s ites were derived using 
image display equipment. These data were used to develop s ta t is t ic a l 
models fo r the sample s ite s . The models were then extended to the entire  
study area to  generate c la ss ifie d  water q ua lity  maps.
Laboratory analysis of the water quality samples. The water samples were 
analyzed at the Coastal Studies In s titu te  Laboratory at Louisiana State 
U n ive rs ity . The to ta l suspended sediment (organic and Inorganic pa rticu ­
la te  matter) was measured by vacuum f i l t r a t io n  of 250 ml of solution
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through a pre-we1ghed, ce llu lose-aceta te  M illip o re  f i l t e r  w ith a nominal 
pore diameter o f 0.45 micrometers. This technique, recommended by Jerlov 
et a l . ,  (1972), has been used by other investiga tors (R itch ie  et a l . ,  
1976; Khorram, 1979b). The f i l t e r  was then oven-dried and reweighed on 
an ana ly tica l balance. The change 1n f i l t e r  weight determined the weight 
per u n it volume ra t io ;  1n th is  experiment, suspended sol Ids were measured 
in  m g/l. The laboratory resu lts  appear 1n Table 3.
S a lin ity  was determined by f i r s t  measuring the e le c tr ic a l conduct­
iv i t y  of the samples. E le c tr ica l conductiv ity  was measured in the la ­
boratory using a Lab-L1ne conductiv ity  meter and the Wheatstone bridge 
method under con tro lled  temperature conditions. The laboratory resu lts  
were expressed in terms of mlllimhos/cm.
Using formulas provided by Cox et a l. (1967), and the appropriate 
computer program, the conductiv ity  measurements were converted to  the 
standard parts per thousand (°/oo) values, w ith reference to  sea water at 
35O/00. The temperature used during the laboratory analysis (25°C) was 
entered as a constant in the computer program (Appendix A). The conduc­
t i v i t y  values were entered as input to  the program, and the resu lting  
s a lin ity  values expressed in  parts per thousand are shown 1n Table 3.
Analysis o f Landsat d ig ita l data. A ll image processing of the Landsat-3 
MSS data was performed at the Remote Sensing Image Processing Laboratory 
(RSIP) at Louisiana State U n ive rs ity . The software package which was 
used fo r image analysis was the Earth Resources Laboratory Applications 
Systems (ELAS), which was developed by the National Space Technology 
Laboratories/Earth Resources Laboratory (NSTL/ERL).
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Table 3. The results of laboratory analysis fo r water q u a lity
samples co llected on February 9, 1979, and the computed 
s a lin ity  values.
Sample 
S ite  #
Suspended 
Solids, mg/l
E le c tr ica l 
Conductiv ity, 
millimhos/cm
S a lin ity
O/oo
D2 298.0 0.188 0.001
D3 261.2 0.187 0.001
D4 374.1 0.189 0.002
05 310.4 0.187 0.001
D6 411.8 0.191 0.003
D7 280.0 0.188 0.001
D8 350.0 0.190 0.002
D9 402.0 0.203 0.009
010 819.2 0.237 0.025
D ll 816.0 0.349 0.080
013 825.5 1.410 0.605
D14 513.7 2.770 1.295
D15 372.5 5.800 2.896
D16 247.9 12.700 6.842
D17 239.2 19.900 11.321
D18 44.4 23.900 13.938
D19 40.8 23.200 13.474
020 32.7 25.600 15.074
D21 85.7 22.400 12.947
D22 68.0 24.900 14.605
D23 38.9 24.700 14.471
D24 435.3 16.800 9.353
D25 500.0 16.100 8.917
D26 78.0 22.700 13.145
027 268.6 18.400 10.362
D28 59.2 20.500 11.709
029 614.6 0.247 0.030
D30 237.5 0.205 0.010
D31 342.9 0.291 0.052
032 525.0 0.245 0.029
D33 341.7 3.210 1.522
D37 188.7 0.561 0.184
D38 271.7 0.199 0.007
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The fo llow ing  procedure was used fo r  processing and analyzing the 
Landsat-3 d ig ita l data:
1. Reformatting of the Landsat Tapes:
The CCTs received from the EROS Data Center were 1n a standard Band-
Interleaved-by-Line (BIL) format. The f i r s t  step in the data processing
was to  reformat the CCTs to  a format compatible w ith the ELAS software
a t the RSIP.
2. Display of Landsat CCTs:
Because the Landsat scene data were divided ho rizon ta lly  In to  three 
f i le s ,  the Image was scanned to determine whether more than one f i l e  was 
required to  cover the desired study area. An examination of the band 7 
data showed tha t F ile  1, which contained 994 scan lines of data, extended 
w ell beyond the zone of surface sampling. I t  also revealed tha t the 
southern boundary of the f i l e  f e l l  fa r  to  the south o f the v is ib le  plume 
e ffe c t.  For these reasons i t  was decided to  l im it  data processing to the 
f i r s t  f i l e ,  thus estab lish ing  scan lin e  994 as the southern boundary of 
the actual study area.
The western boundary o f the study area was d ictated by the scene 
boundary. This boundary was very sa tis fa c to ry , however, since 1t fe l l  
west o f Marsh Island.
The eastern boundary of the study area was established at element 
2800. This allowed the area to  Include the coastal waters as fa r east 
as the Is les Dernleres.
The northern edge of the Landsat scene f e l l  ju s t inshore from the 
Atchafalaya Bay. This did not e lim inate any estuarine areas o f In te re s t. 
The decision was made not to  merge the adjo in ing scene to  the north, 
since no useable data would have been gained.
A fte r the boundaries fo r  the study area were located, the complete 
data set was scanned on the display device to  Insure completeness of 
data in a l l  four bands. The data were also examined fo r any serious 
discrepancies. The v e r if ie d  data set was then loaded In to  a disk f i l e  
fo r  processing*
3. Shoreline masking:
The Atchafalaya Bay is  bordered by extensive coastal wetlands, with 
l i t e r a l ly  thousands of lakes, bayous, and dredged canals. Standard 
d ig it iz in g  techniques in  such an area would have become extremely cumber­
some and resulted in a s ig n if ic a n t loss o f d e ta il.
To prevent the loss of wetlands inform ation, band 7 Landsat data was 
used to  d ig ita l ly  mask out, or id e n t ify ,  those p ixe ls  which represented 
land surfaces. Band 7 was selected because of the high absorption by 
water of the re fle c tiv e  in fra red  rad ia tion  recorded by th is  band. Band 7 
data were previously used by Rouse et a l. (1978) to  determine the land/ 
water in te rface  in the Atchafalaya Delta.
The threshhold value In band 7 fo r  land/water d iscrim ination  was 
determined by s lid in g  a co lor through the displayed Landsat Image. When 
the colored p ixe ls defined a representative mask of land areas, the m in i­
mum brightness value displayed in  co lor was selected as the threshold.
The threshold brightness value was 17.
The shoreline mask was v e r if ie d  by two methods. The f i r s t  was a de­
ta ile d  visual comparison of the displayed shoreline boundary with United 
States Geological Survey (USGS) maps of the area. The maps were standard 
USGS topographic maps, w ith each quadrangle bounded by p a ra lle ls  of l a t i ­
tude and meridians of longitude. Quadrangles covering 7 1/2 minutes of 
la t itu d e  and longitude at a scale o f 1:24,000 were used.
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The second technique involved the analysis of a histogram of the band 7 
d ig ita l values w ith in  the study area (F1g. 10). Since the m ajority of the 
p ixe ls  w ith in  the area represented water, I t  was expected tha t a s ig n i f i ­
cant break 1n the histogram would f a l l  near the v isu a lly  selected value 
o f 17. Both the map comparison and the histogram analysis showed a good 
agreement w ith the derived shoreline mask.
One minor but obvious problem associated w ith th is  masking technique 
was tha t some p ixe ls  over known water surfaces were m1s-c lass1f 1ed as 
land. These p ixe ls represented concentrations of suspended so lids in the 
800 mg/l range, which 1s extremely high. These p ixe ls  were removed from 
the  mask by a simple photographic process discussed in de ta il in the 
section "Production o f Final Results" o f th is  paper.
4. Coordinate transformation to the Landsat system:
Landsat MSS data as received from the EROS Data Center contains 
s ig n if ic a n t geometric d is to rtio n s  which must be removed before av.* "ate 
pos ition ing  on the Image 1s possible. Nonsystematlc d is to rtio n s  resu lt 
from va ria tions 1n the s a te l l i te  a tt itu d e , ve lo c ity , and a lt itu d e  and 
cannot be predicted. Scanner d is to rt io n  and changes 1n scanner m irror
ve lo c ity  are systematic e ffec ts  which in some Instances may be removed
by processing the raw data (Sablns, 1978).
D is to rtions  w ith in  the Image were corrected by developing trans­
formation equations based on a lin e a r regression between the Universal 
Transverse Mercator (UTM) coordinate system and the Landsat coordinate 
system ( lin e , element). The equations used by the ELAS software were 
the fo llow ing :
33
PERCENTAGE
% GRAY LEVEL FREQUENCY
0.39 0 ‘ 10880***
4.28 1 1 1 9 2 5 4 **** ** ** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
5.44 2 1 5 1 3 9 4 ** ** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
5.71 3 1 5 8 9 5 5 ** ** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
6.46 4 1 7 9 8 8 8 ** ** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
2.71 5 7 5 5 3 0 *************************
4.87 6 1 3 5 5 6 7 ** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
3.88 7 1 0 7 9 0 2 **** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** **
4.25 8
6.94 9 1 9 3 0 6 6 ** ** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
4.80 10 1 3 3 5 0 5 ** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
7.02 11 1 9 5 2 6 6 ** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
4.61 12 1 2 8 2 2 0 ** ** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
4.97 13 1 3 8 4 3 6 ** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
4.52 14 1 2 5 7 8 6 ** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
4.16 15 1 1 5 7 6 9 ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** *
4.06 16 water 1 1 2 9 6 5 ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** **
l.S'4 17 land 6 1 2 4 1 *****************
1.34 18 37 3 0 0 ************
1.02 19 28305*********
0.94 20 26135********
0.91 21 25389********
0.80 22 22230*******
0.78 23 21775*******
0.66 24 18448******
0.62 25 17224*****
0.60 26 16675*****
0.51 27 14207****
0.49 28 13542****
0.41 29 11443***
0.36 30 9896***
0.34 31 9549***
0.30 32 8358**
0.28 33 7678**
0.24 34 6618**
0.21 35 5750*
0.18 36 5064*
Figure 10. Histogram of brightness values w ith in  study area, 
w ith  land/water In te rface  shown. Data 1s from 
Band 7 o f the Landsat data.
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S ™ + A2E + A3N and
CE * Bi + B2E + B3N, where
S 1s the Landsat scan, CE is  the Landsat element, E 1s the UTM grid
easting, N 1s the UTM grid  north ing, and the A^'s and the B^'s are the
mapping co e ffic ie n ts  (NASA, 1980),
The transformation equations were developed by loca ting  im age-identi­
f ia b le  ground control po in ts , or GCPs. A to ta l of 41 points were chosen 
fo r  ground control (F ig. 9). Features selected were canal in te rsec tio ns , 
’ sharply defined points of land, small Islands, and other d is t in c t land­
marks. A ll of the points were selected only a fte r  they had ca re fu lly  
and precisely been Id e n tif ie d  on the displayed Image and on standard USGS 
7 1/2 minute topographic maps at a scale of 1:24,000. The UTM coor­
dinates fo r  each point were taken from the USGS maps, and the Landsat 
coordinates were extracted in te ra c tiv e ly  from the Landsat Image data 
(Table 4).
The coordinates in both systems were processed by the PMGC overlay 
which 1s part o f the ELAS software package. The PMGC overlay (EROS CCT- 
^  format Landsat data KOREF ^Constants) is  used fo r  ca lcu la ting  the 
mapping c o e ffic ie n ts . P rio r to  processing, a root mean square (rms) 
e rro r of 50 m was selected. The rms was useful as an estimate o f the 
accuracy of the control po in t se lection process; w ith an rms of 50 m or 
less, positiona l accuracy was estimated to  be w ith in  one p ixe l.
The rms re la tiv e  e rro r was based on the control po in ts , which were 
used to  compute the mapping c o e ffic ie n ts . These co e ffic ie n ts  and the 
Landsat coordinates ( lin e , element) were then used to compute the
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Table 4. Coordinates of in i t ia l  41 ground control points in the 
Universal Transverse Mercator (UTM) and the landsat- 
based systems.
NUMBER EASTING NORTHING SCAN ELEMENT
1 619425.0 3268383.0 124.0 802.0
2 622605.0 3273280.0 32.0 843.0
3 625440.0 3271860.0 48.0 895.0
4 619910.0 3262540.0 223.0 825.0
5 614260.0 3262375.0 242.0 730.0
6 643980.0 3270440.0 18.0 1219.0
7 654730.0 3268755.0 18.0 1410.0
8 657945.0 3269075.0 4.0 1464.0
9 662030.0 3267455.0 19.0 1541.0
10 663390.0 3265180.0 54.0 1570.0
11 663785.0 3264013.0 75.0 1579.0
12 676170.0 3259345.0 121.0 1807.0
13 673790.0 3253665.0 226.0 1783.0
14 678990.0 3257840.0 138.0 1860.0
15 666030.0 3244655.0 405.0 1676.0
16 659925.0 3245770.0 402.0 1567.0
17 675840.0 3242750.0 409.0 1850.0
18 679550.0 3237478.0 490.0 1927.0
19 681535.0 3236740.0 498.0 1965.0
20 681810.0 3233450.0 553.0 1980.0
21 682500.0 3241230.0 417.0 1968.0
22 719840.0 3216190.0 745.0 2687.0
23 726200.0 3221000.0 644.0 2783.0
24 714300.0 3216060.0 766.0 2589.0
25 712120.0 3219750.0 706.0 2544.0
26 717080.0 3220920.0 669.0 2622.0
27 721950.0 3227820.0 538.0 2690.0
28 728215.0 3236930.0 362.0 2771.0
29 719925.0 3247945.0 196.0 2596.0
30 728600.0 3244315.0 234.0 2758.0
31 701135.0 3259090.0 55.0 2239.0
32 727745.0 3251960.0 104.0 2720.0
33 715120.0 3255515.0 78.0 2492.0
34 709550.0 3255820.0 86.0 2395.0
35 709450.0 3240470.0 354.0 2437.0
36 711425.0 3230920.0 531.0 2502.0
37 697263.0 3233500.0 509.0 2247.0
38 700680.0 3239000.0 404.0 2289.0
39 691535.0 3230080.0 585.0 2156.0
40 683725.0 3249300.0 273.0 1967.0
41 692225.0 3239245.0 424.0 2142.0
36
corresponding eastings and northings. The computed eastings and northings 
were differenced with the given eastings and northings of the control 
points. The rms error was calculated using these differences. This 
calculated rms was compared with the selected rms (50 m in th is  study), 
and any control point which gave a larger rms was deleted autom atically.
I f  one or more points were deleted, a new set of mapping coe ffic ien ts  
was computed again based on th is  new subset of control points. This 
process continued automatically u n t il a ll control points gave an rms 
smaller than the selected l im it .
The mapping coe ffic ien ts  fo r the transformation equation were ca l­
culated autom atically. A fter coe ffic ien ts  were computed, the system 
would automatically delete the point with the greatest e rro r. C oeffi­
c ients were then recomputed, and the process repeated u n til the rms was 
less than or equal to  the maximum acceptable error of 50 m. The fin a l 
rms was 49 m, with 32 ground control points remaining (Table 5). Nine 
ground control points were elim inated in the adjustment.
The mapping coe ffic ie n ts  were used to  obtain scan lin e  and element 
coordinates in the Landsat system fo r points with UTM coordinates. In 
the reverse process, they allowed the user to  calculate UTM coordinates 
fo r  points in the Landsat system.
The transformation equation was v isua lly  ve rifie d  by locating new 
points on the Landsat scene, extracting th e ir  scan lin e  and element coor­
dinates, and then processing them with the equation to obtain UTM coor­
dinates. These UTM coordinates were located on the USGS Maps, and the 
positions were v isua lly  compared to  the locations on the Landsat Image.
The opposite approach was also tested, whereby Landsat coordinates were
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Table 5. Coordinates of the 32 ground control points used to 
compute the transformation equation; nine points 
were eliminated which had a root mean square error 
(rms) greater than 50 m.
IMBER EASTING NORTHING SCAN ELEMENT
1 619425.0 3268383.0 124.0 802.0
2 700680.0 3239000.0 404.0 2289.0
3 625440.0 3271860.0 48.0 895.0
4 619910.0 3262540.0 223.0 825.0
5 614260.0 3262375.0 242.0 730.0
6 643980.0 3270440.0 18.0 1219.0
7 654730.0 3268755.0 18.0 1410.0
8 657945.0 3269075.0 4.0 1464.0
9 715120.0 3255515.0 78.0 2492.0
10 663390.0 3265180.0 54.0 1570.0
11 663785.0 3264013.0 75.0 1579.0
12 676170.0 3259345.0 121.0 1807.0
13 673790.0 3253665.0 226.0 1783.0
14 678990.0 3257840.0 138.0 1860.0
15 709450.0 3240470.0 354.0 2437.0
16 659925.0 3245770.0 402.0 1567.0
17 675840.0 3242750.0 409.0 1850.0
18 697263.0 3233500.0 509.0 2247.0
19 681535.0 3236740.0 498.0 1965.0
20 681810.0 3233450.0 553.0 1980.0
21 682500.0 3241230.0 417.0 1968.0
22 719840.0 3216190.0 745.0 2687.0
23 726200.0 3221000.0 644.0 2783.0
24 692225.0 3239245.0 424.0 2142.0
25 712120.0 3219750.0 706.0 2544.0
26 683725.0 3249300.0 273.0 1967.0
27 721950.0 3227820.0 538.0 2690.0
28 728215.0 3236930.0 362.0 2771.0
29 719925.0 3247945.0 196.0 2596.0
30 * 728600.0 3244315.0 234.0 2758.0
31 701135.0 3259090.0 55.0 2239.0
32 727745.0 3251960.0 104.0 2720.0
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computed from the UTM coordinates of new points on the map. The cursor 
(or target as i t  is  called in the ELAS system) was then in te ra c tive ly  
positioned on the display device at these coordinates, and the map and 
Landsat features were compared.
The results of th is  visual v e r if ic a tio n  procedure proved to  be very 
sa tis fa c to ry . Test points were selected in a widely-spaced area across 
the coastal areas in the northern study area to insure an even tra n s fo r­
mation across the image. There was a consistent agreement between the 
features located in one system, and derived in the other. I t  was p a r t i­
cu la rly  impressive to compute the Landsat coordinates fo r a feature 
located on a UGSG map; when the cursor was set at these coordinates, i t  
invariab ly  was located very near, i f  not on, .the object.
5. Location of sample sites on the Landsat data:
As water samples were collected, the precise location of each sample 
s ite  was marked on a nautical chart. The la titu d e  and longitude fo r each 
sample s ite  was la te r derived from the chart. These geographic coordi­
nates were then converted to  UTM coordinates using a computer program 
ava ilab le  at the RSIP fa c i l i t y .
Using the transformation equation, the UTM coordinates fo r each 
sample s ite  were transformed to coordinates 1n the Landsat system.
These coordinates are shown in Table 6 .
6. Extraction of mean brightness values for each sample site:
Because there were recognized errors in the transformation equation, 
the position of a single pixel could not be fixed with enough accuracy to 
insure that i t  would fa l l  d ire c tly  upon the water sample s ite . To make
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Table 6. Coordinates o f the water qua lity  sample s ite s .
SAMPLE SITE # EASTING NORTHING SCAN ELEMENT
02 667823.0 3265316.0 40.8 1645.8
D3 667368.0 3261492.0 108.3 1649.1
04 662359.0 3257539.0 190.8 1574.0
D5 660720.0 3255329.0 233.7 1552.1
D6 658761.0 3252746.0 284.0 1525.8
D7 657044.0 3250167.0 333.4 1503.6
D8 655588.0 3248207.0 371.5 1484.1
09 654075.0 3246401.0 407.0 1463.2
DIO 652400.0 3244531.0 444.1 1439.7
D ll 651023.0 3242604.0 481.3 1421.5
013 648874.0 3239805.0 535.9 1392.5
D14 647442.0 3237816.0 574.3 1373.6
D15 645954.0 3235980.0 610.3 1353.2
D16 644333,0 3233897.0 650.9 1331.2
D17 642172.0 3229621.0 731.1 1306.3
D18 642550.0 3227440.0 767.8 1319.1
D19 642599.0 3227872.0 760.1 1318.7
D20 645434.0 3225906.0 786.2 1373.4
D21 644432.0 3228203.0 749.3 1349.4
D22 632760.0 3223567.0 862.3 1161.3
D23 634335.0 3225217.0 829.3 1183.7
D24 635211.0 3228829.0 764.3 1188.3
025 634473.0 3229590.0 753.2 1173.4
D26 630986.0 3232135.0 718.9 1105.8
D27 627553.0 3234774.0 682.9 1038.8
028 626654.0 3235472.0 673.3 1021.2
D29 637245.0 3255051.0 304.5 1147.4
D30 643358.0 3263993.0 132.5 1227.1
D31 639860.0 3265889.0 109.4 1161.1
D32 636422.0 3265139.0 132.1 1103.9
D33 626179.0 3270838.0 62.2 910.4
D37 640674.0 3271841.0 4.1 1157.9
D38 652077.0 3268572.0 28.7 1364.4
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certa in  that the Landsat radiance values corresponded to the sample 
s ite s , a block of three p ixels by three p ixe ls was constructed around 
each predicted sample s ite  {F1g. 11). This technique has been used in 
previous studies (Williamson and Garbeau, 1973; Yarger et a l . ,  1973; 
Khorram, 1979b). A mean (average) brightness value in a ll four Landsat 
bands was calculated fo r each n ine-pixel block encompassing a sample 
s ite . The mean brightness values and the standard deviations fo r a ll 
33 sample s ites are shown 1n Table 7.
Development of s tatis tica l models. A large number of s ta t is t ic a l models 
were developed and studied fo r determining the best re lationships be­
tween water q u a lity  parameters and Landsat brightness values. The depen­
dent variables fo r  the models were suspended solids and s a lin ity ,  the 
two water q u a lity  parameters o f in te re s t. The independent variables were 
the mean brightness values calculated fo r each sample s ite  in a ll four 
Landsat bands, a ll possible ra tios and combinations of those brightness 
values, Euclidean brightness, and brightness values raised up to the 
fou rth  power.
A ll s ta t is t ic a l modeling was performed at the System Network Computer 
Center (SNCC) at Louisiana State U n ivers ity . The S ta tis tic a l Analysis 
System (SAS) software package was used fo r a ll s ta t is t ic a l analysis.
Models were evaluated based upon "F" values and th e ir  s ignificance 
leve ls , p a rtia l "F" values, coe ffic ien ts  of determination (R2 ), and 
overa ll model complexity.
The "F" value indicates how well the model represents the behavior of 
the dependent variable. A s ig n ifica n t "F" value implies that changes 1n 
spectral response account fo r a s ig n ifica n t portion of the variations in 
the water q u a lity  parameters.
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Figure 11. Nine-pixel block encompassing each sample s ite .
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Table 7. Calculated mean brightness values (y) and standard
deviations (a) of four Landsat bands fo r sample s ites 
(measured fo r 9-p1xel blocks).
SAMPLE MSS-4 MSS-5 MSS-6 MSS-7
SITE y a u a M CF u a
D2 22.44 0.88 28.33 0.71 20.78 2.11 8.78 0.67
D3 23.44 0.73 28.44 1.01 19.67 1.73 9.33 0.71
D4 21.56 0.88 28.11 0.60 19.56 0.73 9.22 1.09
D5 22.67 0.87 27.22 1.56 21.22 1.72 9.11 0.78
D6 23.33 1.22 26.67 2.06 19.44 2.07 9.11 1.62
D7 22.56 1.59 27.89 1.05 19.67 1.73 9.56 1.24
D8 23.33 1.00 28.67 0.87 22.67 2.12 9.78 0.67
D9 23.22 1.20 27.89 0.60 20.78 1.20 10.22 1.09
DIO 23.22 1.20 26.22 1.20 22.22 1.20 12.00 1.41
D ll 22.44 1.24 26.33 0.71 23.44 1.51 14.33 1.00
D13 23.44 0.88 25.67 1.32 24.56 1.33 14.11 0.78
D14 24.11 1.36 29.00 0.87 24.22 0.44 13.56 1.74
D15 23.22 0.44 27.67 2.30 21.44 1.33 10.56 0.73
D16 21.44 1.33 25.44 1.42 20.22 0.83 9.78 0.67
D17 21.00 0.50 24.89 1.54 20.56 0.88 11.33 0.50
D18 21.11 1.69 21.67 1.41 10.78 0.97 3.78 1.56
D19 20.89 0.93 22.11 1.36 12.56 1.42 4.67 1.32
D20 19.11 0.78 18.22 1.56 7.33 0.50 1.56 0.73
D21 20.89 1.17 22.89 1.05 13.89 1.54 5.44 1.24
D22 22.78 1.09 22.44 0.73 11.89 0.93 4.33 1.22
D23 21.22 1.09 18.78 0.97 8.00 1.50 3.00 1.32
D24 21.78 1.30 26.33 0.87 22.33 1.22 12.22 1.20
D25 22.22 0.97 26.78 0.83 23.44 1.33 13.44 0.88
D26 22.78 1.09 23.11 0.60 12.11 0.78 3.78 0.97
D27 21.78 0.83 23.78 1.56 15.11 1.36 5.67 1.87
D28 23.33 0.71 24.67 1.50 16.56 1.42 6.67 0.71
D29 22.78 1.30 27.11 0.78 21.22 0.67 11.22 0.83
D30 23.44 1.33 28.78 0.67 22.11 1.76 9.56 }.01
D31 22.44 0.53 25.78 1.10 20.67 1.32 9.78 1.48
D32 21.44 0.73 25.11 1.36 22.78 1.56 12.00 0.87
D33 20.44 1.33 23.00 0.86 20.67 2.00 12.00 0.71
D37 18.44 0.73 20.33 0.87 15.56 1.24 7.00 1.12
D38 22.89 0.78 28.22 1.72 20.33 0.87 8.56 0.88
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P artia l "F" values are computed when more than one independent varia­
ble is  present 1n the model. A s ig n ific a n t p a rtia l "F" value fo r a 
p a rtic u la r independent variable Indicates that 1t  accounts fo r s ig n i f i ­
cant varia tion  1n the dependent variable. The co e ffic ie n t of determina­
tio n  (R2 ) measures the proportionate reduction 1n the varia tion  of the 
dependent variable achieved by the in troduction of the en tire  set of In­
dependent variables considered in the model. (Neter and Wasserman, 1974).
The modeling process was begun using the STEPWISE procedure. Because 
o f the re la tiv e ly  small water sample size (33 samples), the f i r s t  run 
was made using a ll of the samples. The mean brightness values in a ll four 
bands were input as the independent variables. Prior to the execution 
o f the STEPWISE procedure, a SAS routine was used to calculate the new 
independent variables (such as powers, ra tio s , and combinations of the 
four bands). This input data set was used fo r a ll successive modeling.
A ll possible ra tios of bands were computed w ith in  each computer run 
by d iv id ing  the Landsat bands 1n a ll possible ways. Combinations of 
bands were calculated by m u ltip ly ing  the d iffe re n t bands together in a ll 
possible combinations. Euclidean brightness was calculated by the 
fo llow ing formula:
EB = ((X* ) 2 + (X5 )2 + (X6 )2 + (X7 )2 ) 1/2 where
EB equals Euclidean Brightness, and the X^  's represent bands 4-7. In addi­
t io n , mean brightness values fo r a ll four bands were squared, cubed, and
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raised to the fourth power. The input calculations fo r these values are 
shown in Table 8.
The "stepwise" method w ith in  the STEPWISE procedure was selected fo r 
the f i r s t  analysis. This method is  useful since i t  allows fo r an explo­
ratory analysis of the models, and provides an ind ication of which varia­
bles should be in the regression. I t  w il l  not necessarily develop the 
best possible model, or even the model with the highest R2 value.
In the stepwise method the Independent variables are added one by 
one to the model. A fter each variable is  added, the program analyzes 
each variable in the model, and deletes any variable which does not have 
a s ig n ifica n t "F" value. New variables are added u n til none is  found 
w ith a s ig n ifica n t "F", or u n til the variable about to be added is  the 
one ju s t deleted (SAS, 1979).
In the STEPWISE procedure, an "F" value 1s calculated by computing 
the ra tio  of the mean square regression (MSR) and the mean square error 
(MSE) from the analysis of variance (ANOVA) te s t. This computed "F" 
value is  compared with a tabulated "F" value. The tabulated value 1s a 
function of a p rob a b ility  ( i.e .  o = 0. 01) selected by the experimenter, 
and the degrees of freedom w ith in  the sample data. I f  the calculated
"F" is  larger than the tabulated "F", 1t can be said that the varia tion
is  s ig n if ic a n tly  related to  the independent variable. In the case of 
m u ltip le  regression, there is  a s ig n ifica n t re la tionsh ip  between the 
dependent variable and at least one of the Independent variables.
The results of the f i r s t  run with a ll 33 observations showed the
best model fo r suspended solids to  be the fo llow ing:
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Table 8. Calculation of new Independent variables 
by SAS software
INPUT SITES SS EC SALINITY B4 B5 B6 B7:
B42=B4*B4;
B43=B42*B4;
B44=B43*B4;
B52-B5*B5;
B53=B52*B5;
B54=B53*B5;
B62=B6*B6;
B63=B62*B6;
B64=B63*B6;
B72=>B7*B7;
B73aB72*B7;
B74=B73*B7;
C0M45=B4*B5;
C0M46=B4*B6;
C0M47=B4*B7;
C0M456=B4*B5*B6;
C0M4567=B4*B5*B6*B7;
C0M56=B5*B6;
C0M57=B5*B7;
C0M567®B5*B6*B7;
C0M67=B6*B7;
RAT45°B4/B5;
RAT46=B4/B6;
RAT47=B4/B7;
RAT54=B5/B4;
RAT56=B5/B6;
RAT57=B5/B7;
RAT64=B6/B4;
RAT65»B6/B5;
RAT67=B6/B7;
RAT74*B7/B4;
RAT75-B7/B5;
ARG=B42+B52+B62+B72
EB»SQRT(ARG);
RAT76=B7/B6;
where: BX3 = Band X3
C0MX1X2= Band Xx by Band X2
RATX. X = Band X, /  Band X„ 1 2  l  2
EB = Euclidean Brightness
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Yss = a + b(Wl )2 where,
Yss = suspended solids expressed 1n mg/1
Wx = the mean brightness value 1n Band 7 of Landsat data 
a = 9.083 and b = 3.448.
The best model fo r s a lin ity  with a ll 33 observations was:
Ys = a + b (W2 ) where,
Ys =» s a lin ity  expressed in parts per thousand (%>o)
W2 = product of mean brightness value in Band 5 m u ltip lied  by mean 
brightness value in  Band 6.
a = 19.812 and b = -0.030.
The regression coe ffic ien ts  of determination and the "F" values fo r 
both models are shown in Table 9.
Although th is  modeling procedure was useful fo r examining variables 
which might have been s ig n ifica n t to the regression, there was no possi­
ble way to  validate the models, since a ll of the samples were included 
in  the model bu ild ing .
To provide sample data w ith which to va lidate the models, a hold­
out sample was established by p a rtit io n in g  the o rig ina l data set in to  
a primary data set, containing 25 observations, and a secondary data 
set, containing the remaining 8 observations.
Since the o rig ina l water sample data was collected by fly in g  a c i r ­
cuitous course around the study area, the secondary data set was derived 
by simply removing every fourth observation taken 1n the order of co lle c ­
t io n . A ll modeling was performed on the primary data set. The secondary 
data set is  shown in Table 10.
Table 9. C oeffic ients of determination (R2 )
and the "F" values fo r the regression 
models of the two water qua lity  para­
meters; 33 samples were used.
Water Quality R2 F*
Parameter
Suspended Sol ids 0.77 111.45
S a lin ity 0.62 50.37
* A ll of the "F" values are s ig n ifica n t at 
the 0.01 level of significance
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Table 10. The secondary sample data set, containing 
eight observations, used to ve rify  regres­
sion models developed w ith the primary data 
set (25 observations).
SAMPLE 
SITE #
SUSPENDED 
SOLIDS, mg/1
SALINITY,
o/oo
05 310.4 .0.001
D9 402.0 0.009
D14 513.7 1.295
D18 44.4 13.938
D22 68.0 14.605
026 78.0 13.145
D30 237.5 0.010
D37 188.7 0.184
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Using the primary data set, the STEPWISE procedure was used to 
generate a new set of models fo r both water qu a lity  parameters. The 
best model developed fo r suspended solids was the fo llow ing:
Y = a + b (Z ) + c {Z ) where, 
ss
Y' = suspended solids expressed in mg/1 
ss
Zl = products of the mean brightness values of Bands 4, 5, 6, and 7 
m u ltip lied  together
Z2 = product of the mean brightness values of Band 5 and Band 6 
m ultip lied  together
a = 164.565, b = 0.060, and c = -0.988.
The best s a lin ity  model developed using the primary data set was:
Y = a + b (Z ) where, 
s
Y' = s a lin ity  expressed in ° /° °
Z3 * product of the mean brightness values of Bands 4, 5, and 6 
m u ltip lied  together.
a = 19.825 and b = -0.001.
Table 11 contains the coe ffic ie n ts  of determination and the "F" 
values fo r both of these models.
A matrix of coe ffic ien ts  of regression was constructed 1n order to 
analyze the dependent and the independent variables (Table 12). For the 
suspended solids model, the co e ffic ie n t of regression between (Zt ) and (Z2) 
was 0.86. This In te rco rre la tion  Indicated tha t s ta t is t ic a l ly  the two 
terms could not be treated as independent variables. Also, the com­
b ination of four bands did not make much sense in tu it iv e ly .
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Table 11. C oeffic ients of determination (R2 ) and the "F" 
values fo r  water q u a lity  models developed from 
the primary data set.
Water Quality 
Parameter
R2 F
Suspended Solids: 
Zi
h
Model 0.81
34.56*
6.24
47.82*
S a lin ity 0.64 40.47
♦These "F" values were s ig n ifica n t at the 0.01 
level o f s ign ificance.
Table 12. Coefficients of determination matrix fo r 
dependent and independent variables.
NO. VARIABLE 1 2 3 4 5 6
1 Susp. Solids 1.00
2 S a lin ity 0.43 1.00
3 Band 4 0.17 0.16 1.00
4 Band 5 0.28 0.52 0.57 1.00
5 Band 6 0.62 0.60 0.28 0.70 1.00
6 Band 7 0.74 0.47 0.18 0.48 0.91 1.00
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In order to investigate  the behavior of additional models fo r both 
suspended solids and s a lin ity ,  the SAS procedure RSQUARE was executed fo r 
a l l  one-var1able and two-var1able models, using the primary data set as 
input. The RSQUARE procedure was chosen because unlike STEPWISE, i t  
performs a ll possible regressions fo r a co llec tion  of dependent and in ­
dependent variables, without attempting to  select the best model. For 
each model a value fo r R2 (co e ffic ie n t of determination) was calculated 
and prin ted . The fiv e  best models fo r suspended solids are shown in 
Table 13; the fiv e  best fo r s a lin ity  are shown in Table 14. The R2 value 
provides a measure of how much va ria tion  1n a dependent variable 
can be accounted fo r by the model.
The results of the RSQUARE procedure were used to  aid in selecting 
the most representative models fo r both suspended solids and s a lin ity .  
Subjective judgement was also used to  determine the best model. Very 
complex models were rejected in favor of more simple models i f  there was 
no s ig n ifica n t drop in the regression co e ffic ie n t of determination. A 
high co rre la tion  between two variables 1n the same model was also cause 
fo r  re jec tion .
The independent variable Band 72 had the second highest R2 value 
(0.755) in the RSQUARE procedure fo r suspended solids (one-variable 
models). Although the best two-var1able model had an R2 value of 0.812, 
the complexity and the 1n te rco rre la t1on of the variables caused its  
re je c tion . The Band 72 variable also appeared in the model generated 
during the in i t ia l  STEPWISE run, which used a ll 33 observations. For 
these reasons, the Band 72 variable was selected as the independent 
variable in the f in a l model.
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Table 13. One- and two-variable regression models 
giving highest R2 values fo r dependent 
variable suspended so lids.
MODELS FROM RSQUARE PROCEDURE
1-VARIABLE R2 2-VARIABLE R2
COM4 7 
C0M67 
B73 
B72
C0M4567
0.742
0.745
0.750
0.755
0.760
C0M4567, RAT45 
B43, B73 
B44, B73 
C0M4567, RAT54 
C0M4567, C0M56
0.809
0.809
0.809
0.813
0.813
Key: (a) Powers of a band: B73 = (Band 7)3
(b) Combinations of bands: C0M47 = (Band 4)x(Band 7)
(c) Ratios of bands: RAT45 - (Band 4 ) /(Band 5)
Table 14. One- and two-var1able regression models 
giving highest R2 values fo r dependent 
variable s a lin ity .
MODELS FROM RSQUARE PROCEDURE
1-VARIABLE R2 2-VARIABLE R2
B53 0.591 B54, C0M456 0.656
B52 0.593 B54, B62 0.657
C0M56 0.618 B54, RAT75 0.657
EB 0.621 B54, C0M46 0.659
C0M456 0.638 B54, RAT65 0.660
Key: (a) Powers of a band: B53 = (Band 5)3
(b) Combinations of bands: C0M56 = (Band 5)x(Band 6)
(c) Ratios of bands: RAT75 = (Band 7)/(Band 5)
(d) Euclidean Brightness: t(Band 4)2 +(Band 5)2 +
1/2
(Band 6)2+(Band 7)2J
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For the s a lin ity  model, the independent variable chosen was the 
product (combination) of BancL 5 and Band 6 (C0M56). In the RSQUARE pro­
cedure, the best two-variable model gave an R2 of only 0.66; the one- 
variable model fo r C0M56 gave an R2 of 0.62.
With the selection of these two terms, or Independent variables, a 
new set of models were generated fo r each of the water qua lity  parameters 
using the General Linear Models (GLM) procedure. The GLM procedure 
analyzes general linea r models, and handles c la ss ifica tio n  variables as 
well as continuous variables. The procedure can be used fo r simple re­
gression, m u ltip le  regression, analysis of variance, and polynomial re­
gression, among others.
The "Band 72 " term was entered as the independent variable fo r the 
suspended solids model. The C0M56 term was input as the independent 
variable fo r the s a lin ity  model.
Based on the s ta t is t ic a l analysis, the fo llow ing models generated 
by the GLM procedure were selected as most representative of the re la ­
tionsh ip  between in s itu  water q u a lity  measurements and the correspond­
ing mean brightness values of the Landsat:
(a) Suspended solids model:
Y^s = a + b (Xx ) where,
Yss = suspended solids expressed in mg/1
Xi = square of the mean brightness value, of Band 7 of Landsat 
data (Band 7 )
a = 1.053 and b = 3.595;
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(b) Salinity model:
Y" * a + b (X ,) where, 
s
Y" = s a lin ity  expressed in °/°o  
s
X2 3 product of the mean brightness value of Band 5
m u ltip lied  by the mean brightness value of Band 6 .
a = 20,631 and b = -0.032.
The regression coe ffic ien ts  of determination and the "F" values fo r both 
models are shown in Table 15.
Using the GLM procedure, confidence lim its  on the estimates were 
generated by substitu ting  periods fo r the suspended solids and s a lin ity  
values of the hold-out sample during the model bu ild ing . Thus, the 
hold-out sample was not used to bu ild  models, but the confidence lim its  
were calculated.
Model va lida tion  was accomplished by applying the models to the 
hold-out sample, and observing model performance. This was a subjec­
t iv e  process, during which residuals were examined and assessed in 
terms of known ground values. The residuals and the confidence in te rva ls  
fo r  the hold-out sample are shown 1n Table 16 fo r  suspended so lids , and 
Table 17 fo r s a lin ity .  Model behavior was judged to be acceptable.
Production of final results. Classified water q u a lity  maps were produced 
by extending the s ta t is t ic a l models to  the en tire  study area. A ll possible 
brightness values fo r Landsat data of the study area in bands 5, 6 , and 7 
were processed using the appropriate s ta t is t ic a l model fo r suspended sol Ids 
and s a lin ity .  Each separate resu lt (or predicted value) fo r each water
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Table 15. C oeffic ients of determination (R2 ) and the 
"F" values fo r the two water qua lity  para­
meters estimated using the fin a l regression 
models. Models were developed using the 
primary data set which contained 25 obser­
vations.
Water Quality R2 F*
Parameter
Suspended Sol Ids 0.76 70.95
S a lin ity 0.62 37.16
*A11 of the "F" values were s ig n ifica n t at the 
0.01 level of s ign ificance.
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Table 16. Results of model va lida tion  and performance 
fo r  suspended so lids , showing residuals and 
confidence lim its .  The hold-out sample con­
ta in in g  8 observations was used fo r th is  
analysis.
SITE OBSERVED PREDICTED RESIDUAL LOW 95% C.L. UP. 95% C.L.
D5 310.4 299.4 11.0 249.0 349.8
09 402.0 376.5 25.5 327.6 425.4
D14 513.7 662.0 -148.3 572.1 751.9
D18 44.4 52.4 -8.0 -36.2 141.0
D22 68.0 68.4 -0.4 -16.9 153.8
D26 78.0. 52.4 25.6 -36.2 141.0
D30 237.5 329.6 -92.1 280.6 378.6
D37 188.7 177.2 11.5 112.0 242.4
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Table 17. Results of model va lida tion  and performance 
fo r  s a lin ity ,  showing residuals and co n fi­
dence lim its .  The. hold-out sample con­
ta in ing  8 observations was used fo r th is  
analysis.
SITE OBSERVED PREDICTED RESIDUAL LOW 95% C.L. UP. 95% C.L.
D5 0.001 2.267 -2.266 0.524 4.008
D9 0.009 2.205 -2.196 0.452 3.958
D14 1.245 -1.700 2.995 -4.375 0.974
D18 13.938 13.204 0.734 9.970 16.438
022 14.605 12.148 2.447 7.226 15.070
D26 13.145 11.733 1.412 8.930 14.536
D30 0.010 0.400 -0.390 -1.727 2.526
037 0.184 10.573 -10.389 8.092 13.055
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q u a lity  parameter was labeled a water class. The water classes were 
then divided in to  meaningful groups based on an examination of the data. 
The c la ss ifie d  water qu a lity  scenes fo r suspended solids and s a lin ity  
were then geographically-referenced using the transformation equations 
developed between the UTM and the Landsat coordinate system. Coded gray 
maps were then produced, with each map representing one water qua lity  
group fo r each parameter.
The extension of the suspended solids model to the study area was 
actua lly  Im p lic it ly  performed by the model i t s e l f .  The model fo r sus­
pended solids contained as an independent variable the mean brightness 
value 1n band 7 raised to the second power (Band 72 ). For each possible 
brightness value fo r the band 7 data, therefore, a d iscrete water class 
was computed by the model. Since each brightness value in the o rig ina l 
band 7 data set provided an equally unique value, however, no water class 
values had to be substituted fo r the o rig ina l brightness value. The 
water class was thereby Implied by the brightness value, and the band 7 
data set was used as the c lass ified  scene fo r suspended so lids.
The regression model fo r s a lin ity  was more complex since i t  in ­
volved a combination o f Landsat bands (Band 5 by Band 6) . The extension 
o f th is  model to  the study area required tha t a computer program be de­
veloped to calculate water classes using the regression model as the 
algorithm . This was accomplished using the PCAL (Programmable Calcu la - 
to r)  overlay of the ELAS image processing software. The program de­
veloped to  extend the model 1s found in Appendix B. The output of the 
PCAL execution was a c la ss ifie d  water qu a lity  scene fo r s a lin ity .
The next step was to create two geographically-referenced data sets 
from the c lass ified  scenes, one fo r suspended solids and one fo r s a lin ity .
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Although the mapping coe ffic ien ts  required fo r geo-referencing the 
Landsat data were determined e a r lie r  when the transformation equations 
were developed, geo-referencing o f the data was postponed u n til the 
c la s s ifie d  water scenes were created. This was done to save computer 
tim e, since the re-sampling procedures involved require substantial 
computer resources. Had the geo-referencing been done p rio r to the de­
velopment of the two c la ss ifie d  scenes, four bands would have been pro­
cessed Instead of ju s t two.
The geo-referendng of the data was accomplished using the OGEO 
overlay (Overlay Georeference) in the ELAS software system. The module 
resamples the c la ss ifie d  data f i le s  to a UTM grid using the mapping coef­
f ic ie n ts  derived e a r lie r . The geo-referenced data sets contained 1,629 
lines  and 3,343 elements a fte r processing.
Computed water classes fo r  suspended solids and s a lin ity  were tabula­
ted and separated in to  meaningful groups based upon re la tive  concentra­
tions  and the spatia l d is tr ib u tio n  of each class as viewed on the image 
display device. The water groups and th e ir  re lated water classes are 
shown in Table 18.
One coded gray map was produced fo r each group w ith in  each water 
q u a lity  parameter using an e le c tro s ta tic  p lo tte r . For each group, the 
p lo tte r  was programmed to turn-on, or make black, each pixel whose 
brightness value corresponded to  the range w ith in  that group. A se­
parate p lo t was made using the mask developed e a r lie r  fo r determining 
the land/water boundaries. This mask, lik e  the model fo r suspended 
sol Ids, was constructed using the brightness values from Band 7 Landsat 
data. The separation between land and water occurred at brightness 
value 17 fo r the mask, which fa l ls  w ith in  Group 7 (a water class) in
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Table 18. Water qua lity  groups fo r suspended solids 
and s a lin ity  and the associated water 
classes.
WATER QUALITY PARAMETERS
SUSPENDED SOLIDS SALINITY
Gray Level Class, mg/1 Group Gray Level Class, °/oo Group
0-4 0-100 1 0-1 0-1 1
5-7 101-200 2 2-3 2-3 2
8-9 201-300 3 4-5 4-5 3
10-11 301-500 4 6-9 6-9 4
12-13 501-600 5 10-12 10-12 5
14-15 601-800 6 13-16 13-16 6
16-19 >800 7 17-19 17-19 7
63
the suspended solids c la s s if ic a tio n . Therefore, the p lo t fo r the land 
mask, which was selected fo r i t s  detailed resemblance to land features, 
had some obviously m is-c lass ified  p ixels which fe l l  over known water 
areas.
Each of the p lo ts , or gray maps, was reproduced photographically, 
and a f ilm  negative was produced. The plots were each 40" by 14", and 
had to  be reduced to f i t  on a sheet of standard-size paper. The neces­
sary 30% photographic reduction was made using a mapping camera.
The f i r s t  step in the photographic reproduction of the p lots was to 
generate a 1:1 scale negative of the land mask p lo t. This negative was 
then examined to determine the locations of a ll m1s -c la ss ifie d  p ixe ls . 
Each pixel c la ss ifie d  as land appeared clear or transparent on the 
negative. An opaque paint was used to  cover a ll p ixe ls which had been 
m is -c lass ified .
The negative was then used to produce a f ilm  pos itive  transparency, 
also at 1:1 scale. On th is  transparency, a ll p ixe ls representing land 
areas appeared black; no black pixels occurred over known water areas. 
This land mask is  shown in Figure 12.
This 1:1 scale transparency, showing land in black, was then placed
over each p lo t fo r both water q u a lity  parameters, and photographed. The 
fin a l resu lt was a coded gray map fo r each water group found w ith in  each 
water parameter. Land areas were shown in black, as were a ll p ixels
which fe l l  w ith in  the water group represented by the map. The 14 coded
gray maps are shown in Figures 13 through 26.
In addition to  the gray maps, s ta t is t ic s  were calculated fo r each 
water group. The s ta t is t ic s  included the number of p ixels w ith in  each 
group, the to ta l area of each group, and the percentage of the to ta l
Figure 12. Land mask of the study area; Band 7 Landsat data was used.
Figure 13. Coded water qua lity  map fo r suspended solids, Group 1,
in the study area.
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Figure 15. Coded water qua lity  map fo r suspended solids, Group 3,
in  the study area.
Ol
Figure 16. Coded water qua lity  map fo r suspended solids, Group 4,
in the study area.
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1Figure 17. Coded water qua lity  map fo r suspended solids, Group 5
in  the study area.
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Figure 18. Coded water quality map fo r suspended solids, Group 6,
in the study area.
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Figure 19. Coded water qua lity  map for suspended so lids, Group 7, *"*
in  the study area.
Figure 20. Coded water qua lity  map fo r s a lin ity , Group 1,
in the study area.
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Figure 21. Coded water qua lity  map fo r s a lin ity , Group 2,
in the study area.
Co
Figure 22. Coded water qua lity  map fo r s a lin ity , Group 3,
in  the study area.
iFigure 23. Coded water quality map fo r s a lin ity , Group 4,
in the study area.
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Figure 24. Coded water qua lity  map fo r s a lin ity , Group 5,
in the study area.
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Figure 25. Coded water qua lity  map fo r s a lin ity , Group 6,
in  the study area.
Figure 26. Coded water qua lity  map fo r s a lin ity , Group 7,
in the study area.
00
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study area that each group represented. The s ta t is t ic s  were calculated 
using the PLYA (Polygon Acreage) overlay 1n the ELAS software. The 
PLYA overlay determines the frequency of occurrence of a ll values w ith in 
a designated area of the c la ss ifie d  data set. The s ta t is t ic s  fo r sus­
pended solids are shown in Table 19; those fo r s a lin ity  are shown in 
Table 20.
The e le c tro s ta tic  p lots fo r each water group and the related area 
s ta t is t ic s  were generated at the NSTL Earth Resources Laboratory in Bay 
St. Louis, M ississipp i. The photographic reproductions of the plots 
were made at the Defense Mapping Agency - In te r American Geodetic Survey 
(DMA-IAGS) Cartographic School in the Republic of Panama.
Table 19. Number of p ixels and the re la tive  percentage 
fo r  each water group of the c la ss ifie d  sus­
pended solids water qua lity  scene.
SUSPENDED SOLIDS
GROUP NO. OF PIXELS % TOTAL
1 2,630,660 48.3
2 415,236 7.6
3 405,046 7.4
4 428,238 7.9
5 346,866 6.4
6 314,664 5.8
7 298,963 5.5
Total number of p ixels a 4,839,673
Table 20. Number of p ixels and the re la tive  percentage fo r 
each water group of the c la ss ifie d  s a lin ity  water 
q u a lity  scene.
SALINITY
GROUP NO. OF PIXELS % TOTAL
1 2,240,787 41.1
2 337,831 6.2
3 112,810 3.8
4 446,949 8.3
5 340,241 6.3
6 797,130 14.6
7 459,323 8.39
8 614,163 11.25
Total number of p ixels * 4,831,584
RESULTS AND DISCUSSION
The regression model developed fo r the prediction of suspended 
solids was the fo llow ing:
y ;s-  a + b (X i) where,
YjJs* suspended solids expressed in mg/1
X: = square of the mean brightness value of Band 7 of
Landsat data (Band 72 )
a = 1.053 and b = 3.595.
The use of band 72 data to predict heavy concentrations of suspended 
solids is in general agreement with the findings of other investigators.
Brooks (1975) noted tha t, in general, high water reflectances 
correspond with high densities of suspended sol Ids. Yarger et a l . (1973) 
observed that based sole ly upon the attenuation co e ffic ie n t of pure 
water, the best corre la tion should be expected in band 4; as the concen­
tra t io n  of suspended solids exceeds 100 ppm, however, band 7 does exh ib it
a b righ te r return. Bartolucci (1977) determined tha t any one of bands 5, 
6 or 7 could be used to  discrim inate between clear and tu rb id  water, 
since the greatest differences in spectral response occur in the 600 to  
900 nm region. R itchie et a l. (1976) observed that as concentrations of 
sediments increase, the corresponding re fle c tio n  increases between 450 
and 900 nm. The 700 to 800 nm region (band 6) was recommended as the 
best region fo r the prediction of suspended sediments. The corre la tion 
between suspended sediments and band 7 was also found to  be highest fo r 
a single band in  a study by Johnson (1976).
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Other investigations have been made, however, tha t did not y ie ld  
good results  in th is  region of the spectrum. Klemas et a l. (1973) found 
tha t band 5 gave the best representation of the sediment load 1n the 
upper one meter of the water. Khorram (1979b) reported not a very high 
co rre la tion  between suspended solids and any one of the four Landsat 
bands.
As Brooks (1975) observed, the spectral d is tr ib u tio n  of upwelling 
l ig h t  reaches a maximum at about 450 nm fo r clear water. As tu rb id ity  
and suspended sediments increase, th is  peak is  sh ifted  toward the longer 
wavelengths. In areas of extremely high sediment concentrations such as 
Atchafalaya Bay, high corre la tions would be expected in the range of 
band 6 and band 7.
One p o te n tia lly  serious discrepancy in the model fo r suspended solids 
involves the behavior of the model when the brightness value 1n band 7 
is  zero. In th is  case, the predicted value fo r suspended sediments would 
equal the Y-in tercept, or 1.053. The model therefore is  not va lid  fo r 
suspended solids concentrations of less than 1 mg/1.
Brightness values of zero in band 7 Landsat data are possible in the 
natural environment. Due to  the high absorption of re flected in frared 
rad ia tion  by water, brightness values commonly are zero, especially i f  
the water 1s clear and sediment-free.
This p a rticu la r model, however, was developed fo r the environmental 
conditions in the Atchafalaya Bay on February 9, 1979, using water 
q u a lity  samples re fle c tin g  the extremely high concentrations of suspended 
sol Ids which exceeded 800 mg/1 in some places. The concentrations of 
in te re s t fa r exceeded 1 mg/1. For the range of suspended solids concen­
tra tio n s  found w ith in  Atchafalaya Bay, the model selected was considered
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to  be most representative of the re la tionsh ip  between spectral data and 
in s itu  water sample data.
The model developed fo r the prediction of s a lin ity  was as fo llows:
Y" = a + b (X2 ) where, 
s
Yg 3 s a lin ity  expressed in ° /° °
X2 = product of the mean brightness value of Band 5 m u lti­
p lied by the mean brightness value of Band 6
a = 20.631 and b = -0.032.
As B a rtle tt and Klemas (1980) observed, s a lin ity  as a water qua lity  
parameter is  generally investigated by d irec t measurement using micro­
wave radiometers. Correlations between s a lin ity  and spectral radiance 
values have been observed, however. These re lationships are probably 
produced by a high covariance of dissolved sa lt with some other measure- 
able water qua lity  parameter such as tu rb id ity  or suspended solids (Bart­
le t t  and Klemas, 1980).
Khorram (1979a) found a high corre la tion  between s a lin ity  and 
radiance values obtained w ith an Ocean Color Scanner (OCS) flown on a 
U-2 a irc ra f t .  The channel 10 data of the OCS corresponds roughly with 
Band 6 of Landsat. This would be in agreement w ith the results of th is  
study in  the Atchafalaya Bay.
The model fo r s a lin ity  was lim ited  by zero brightness values in the 
same manner as the model fo r suspended so lids. In th is  case, a zero 
brightness value in e ithe r band 5 or band 6 yielded a predicted s a lin ity  
o f 19.8 °/oo. The model therefore was in va lid  fo r s a lin ity  values 
greater than 20 °/oo.
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The objective of th is  study, however, was to define the best models 
fo r  the environmental conditions in the Atchafalaya Bay on the study 
date. The conditions Included very high suspended sediment concentra­
tio n s , and very low s a lin ity  values. The models fo r suspended solids 
and s a lin ity  selected fo r th is  study were not designed to perform over 
the Gulf of Mexico, where s a lin ity  is  high and suspended so lid  concentra­
tions  are low. The models selected were judged to have superior perfor­
mance fo r the environmental conditions w ith in  the study area.
The models fo r suspended sediment and s a lin ity  selected to represent 
the re lationships between the in s itu  measurements and the Landsat 
measurements were chosen based upon an evaluation of the fo llow ing: "F"
values and p a rtia l "F" values, and th e ir  s ignificance leve ls ; c o e ff i­
cients of determination (R2 ); and s im p lic ity  of terms. These values are 
shown in Table 15. The s ig n ifica n t "F" values indicate that variations 
1n spectral response account fo r a s ig n ifica n t portion of the variations 
w ith in  the water qua lity  parameters. The co e ffic ie n t of determination is  
a measure of the closeness of f i t  of the data to  the regression lin e . The 
"F" values and coe ffic ien ts  of determination fo r the suspended solids 
model are in agreement with the findings of other investigators. The 
lower co e ffic ie n t of determination fo r the s a lin ity  model may have been 
the result of s a lin ity  and suspended sediments becoming confounded. The 
model does not provide a re lia b le  means fo r estimating s a lin ity  w ith in 
the Atchafalaya Bay.
A ll of the results may have been adversely affected by problems 
associated with the co llec ting  and the analysis of in s itu  water samples 
and the Landsat MSS data. Diverse environmental conditions in the study
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area may also have been a source of errors. Some of the factors a ffe c t­
ing the brightness values recorded by Landsat are a function of: In tens ity
and spectral d is tr ib u tio n  of both sunlight and sky lig h t; the scatter and 
absorption of energy by the atmosphere; the specular sunlight and sky­
l ig h t  re flec tions from the surface; the volume re fle c tio n  from the water 
constituents; the bottom re fle c tio n ; and the image acquis ition device 
(L illesand et a l . ,  1975; Khorram, 1981).
One source of e rro r which may have affected the analysis of the Land­
sat MSS data was the set of transformation equations used to compute 
mapping co e ffic ie n ts . The mapping coe ffic ien ts  were used to calculate 
Landsat coordinates from the corresponding UTM coordinates fo r each water 
sample s ite , and also to  geographically reference the Landsat scene to
ground coordinates. The transformation equations u t il iz e d  by the ELAS
software package were as fo llows:
S = Ax + A2E + A3N and 
CE = + B2E + B3N,
where S is  the Landsat scan, CE 1s the Landsat element, E is  the UTM grid
easting, N is  the UTM grid northing, and the A 's and the B 's are the
i i
mapping co e ffic ie n ts .
The coe ffic ien ts  were derived using 32 ground control po ints, which 
were evenly spaced over land areas bordering the Atchafalaya Bay. The 
transformation was non-conformal, which gave a d iffe re n t scale facto r 
fo r  Landsat scan lines than fo r Landsat elements. Because no control
points were located over the large water areas, extrapolation was
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necessary to  transform Landsat coordinates which fe l l  beyond the lim its  
o f the ground con tro l. This extrapolation may have Introduced position­
ing errors during the transformation of sample s ite  coordinates from 
UTM to the Landsat system. Errors may also have been introduced during 
the georeferencing of the Landsat data to ground coordinates.
An attempt was made 1n the study to extend ground control across 
water areas. In the Gulf of Mexico ju s t south of Atchafalaya Bay, there 
are several very large o il productlbn platforms fo r which precise UTM 
coordinates are known. Using the mapping coe ffic ien ts  derived from 
ground control points fo r the land areas, Landsat coordinates ( lin e , 
element) were generated and located on the image display device fo r each 
o i l  platform . The image data near the computed Landsat coordinate was 
checked fo r p ixe ls having unusually high brightness values associated 
w ith  the spectral response of the structure . No o il platforms could be 
id e n tif ie d  with any ce rta in ty , however, and no control points fo r water 
areas were established.
The surface sample co llec tion  techniques used in th is  investigation 
had serious defic iencies. The sheer size of the study area demanded that 
data co llec tion  be performed by he licopter. This posed two major prob­
lems, however.
F irs t ,  there was no adequate method fo r accurate geographical posi­
tio n in g  of the helicopter without regard to  surface features. Sample 
s ite s  were therefore chosen near objects which were id e n tif ia b le  on navi­
gational charts. L lllesand et a l . ,  (1975) used theodolites to track 
boats which were co llec ting  samples in a waste plume. This method, or a 
va ria tion  of 1 t, might permit rapid and yet random sampling from a h e li­
copter. I t  would also elim inate the p o s s ib ility  tha t an object located
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near a sample s ite  might f a l l  w ith in  the 9-pixel block Landsat sample, 
thus contributing to  the brightness value recorded by the scanner.
Second, as the he licopter hovered at each sample s ite , the rotor 
b last created s ig n ifica n t turbulence 1n the water. Some mixing of 
bottom sediments may have occurred at sample s ites located in shallow 
areas. As the 500 ml sample b o ttle  was lowered Into the water to a 
depth of about one fo o t, the e ffec t of th is  turbulence on the water 
sample is unknown.
Another possible source of e rror associated with th is  method of data 
co lle c tio n  is  the time frame during which the samples are taken. There 
are bound to be some changes in the d is tr ib u tio n  patterns of water para­
meters during the four hours required fo r sampling. There is no p ra c ti­
cal solution to  th is  problem in an area of th is  size, however.
The atmospheric conditions at the time the Landsat data was collected 
had a s ig n ifica n t e ffe c t on the data. The highly tu rb id  nature of the 
atmosphere causes path radiance to  be the most s ig n ifica n t problem in the 
v is ib le  portion of the spectrum, since 1t varies temporally and sp a tia lly  
(L illesand et a l . ,  1975). The atmosphere both attenuates the signal re­
ceived by the sensor, and also contributes a component of backscatter 
(Scherz and Von Domelon, 1975).
Like the atmosphere, the water is  a tu rb id  environment that may be a 
source of errors. Strong winds, such as those present in the Atchafalaya 
Bay when the surface data was co llected, can be responsible fo r s ig n if i ­
cant mixing, especially in a shallow environment. Water surface condi­
tions  may reduce the upwelUng radiance by causing in terna l re flec tio ns , 
or re fle c t sunlight d ire c tly  in to  the f ie ld  of view of the sensor.
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Volume reflectance, which is  the backscatter caused by suspended p a r t i­
cu la te  matter between the surface and the depth at which lig h t is  e x tin ­
guished, may be seriously affected by in te rna l re flec tio n s  (Sherz et a l. ,  
1975). Also, while i t  is  common to assume ve rtica l homogeneity in the 
water column, th is  is  seldom the case.
Bottom re fle c tio n  from shallow parts of the estuary can have a s ig n i­
f ic a n t e ffec t on brightness values, since the returned signal is  a func­
tio n  of depth, bottom m ateria l, and water type. Other Investigators have 
reported problems associated w ith bottom re flec tions  (L illesand et a l . ,  
1975; R itch ie  et a ! . ,  1976; and Khorram, 1979b). Bartolucci (1977) re­
ported, however, that bottom re fle c tio n  may not be s ig n ifica n t when sus­
pended sediment concentrations exceed 100 mg/1 with a depth of at least 
30 cm.
An analysis of the coded water q u a lity  maps fo r suspended solids and 
s a lin ity  shows they are in agreement w ith the conditions reported in the 
lite ra tu re  fo r th is  geographic area (Cunningham, 1978; Van Heerdon,
1980).
The maps fo r  suspended sediments show high sediment concentrations 
in  the plume being deflected to  the west, w ith some evidence of flow in to  
East Cote Blanche Bay. This movement would have resulted from the strong 
winds from the south-southeast which occurred p r io r to the passage of the 
cold fro n t (Table 1). The maps also show the rapid movement of water out 
o f the Bay and out of the surruunding coastal marshes, the resu lt of the 
wind s h ift in g  to the northr Moderate concentrations of suspended sedi­
ments can be seen entering Four League Bay, and a small but d is t in c t 
sediment plume has formed at i ts  o u tle t to  the Gulf of Mexico.
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The heaviest sediment concentrations are found ju s t seaward of the 
shell reefs which form the southern margin of the Bay. These concentra­
tions are probably the resu lt of the suspension of sediments caused 
by wind waves impacting on the shallow reefs, t id a l scour on the seaward 
flank of the reefs, and r iv e r flow across the shell reefs. Also, water 
leve ls in the estuary which had been b u ilt-up  during the southerly a ir  
flow were dropping rapid ly behind the cold fro n t.
The s a lin ity  maps ind icate  tha t the Atchafalaya Bay is  essentia lly  
well-mixed and u n s tra tif ie d . The s a lin ity  values 1n the Bay are equal 
to  those of the Atchafalaya River. The c ircu la tio n  in the Bay appears 
to  have been overpowered by the flow of the r iv e r , with a resultant net 
flow seaward across the oyster reefs.
The useful 1 ness of the coded water q u a lity  maps produced during th is  
investiga tion  could have been greatly enhanced by combining a ll the maps 
fo r  each water qu a lity  parameter in to  a single contour map showing 
respective concentrations. This technique was used by Johnson {1978). 
The resources necessary to  construct the contour maps were not a va il­
able fo r th is  investiga tion .
The water q ua lity  models presented in th is  study apply only to 
Atchafalaya Bay, Louisiana, on February 9, 1979. I t  cannot be assumed 
tha t the models are capable of re lia b le  predictions fo r any other geogra­
phic area, or even fo r th is  study area on a d iffe re n t date under d if fe r ­
ent environmental conditions.
I t  is  believed that th is  study was the f i r s t  attempt to quantita­
t iv e ly  map water qua lity  parameters in th is  geographic area using 
Landsat multi spectral scanner data.
SUMMARY AND CONCLUSIONS
This study has evaluated the use of Landsat-3 m ultispectra l scanner 
d ig ita l data fo r the quantita tive  mapping of suspended solids and 
s a lin ity  in the Atchafalaya Bay, Louisiana. Landsat data was acquired 
from the EROS Data Center 1n the form of Computer Compatible Tapes.
Water q ua lity  samples were collected on the surface concurrently with 
the overpass of the s a te ll i te .  Water sample measurements and the corres­
ponding Landsat brightness values fo r each sample s ite  were used to devel­
op s ta t is t ic a l regression models representing each water qua lity  param­
e te r. Using these models, c la ss ifie d  water q ua lity  maps were generated 
fo r  suspended solids and s a lin ity .  These c la ss ifie d  scenes were used to 
produce coded gray maps on an e le c tro s ta tic  p lo tte r .
Some general statements resu lting  from the study are the fo llow ing:
1. An e ffe c tive  water resources management program must exp lo it the 
synoptic surveillance ca pa b ilitie s  of modern remote sensing systems, 
especia lly when large estuarine systems such as Atchafalaya Bay are to  be 
monitored.
Trad itiona l point-data collected by shipboard measuring techniques is  
frequently re s tr ic te d  by budgetary constra in ts, especially when repeated 
measurements are required. The cost and the time involved in data co lle c ­
tio n  often causes the number of samples fo r a large area to be s ta t is t i ­
ca lly  inadequate.
The re p e tit iv e , synoptic coverage acquired by a spacecraft system 
such as Landsat can provide an e ffe c tive  and useful method fo r monito­
ring water q u a lity .
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2. Remote sensing data acquired by m ultispectra l scanners such as 
the MSS aboard Landsat-3 have successfully been used by a number of 
investigators fo r the purpose of water q u a lity  mapping. Concurrently 
co llected in s itu  measurements have c lea rly  been shown to  provide a 
means fo r ca lib ra ting  m ultispectra l data. Using ca lib ra tion  techniques 
such as s ta t is t ic a l stepwise regression, s ig n ifica n t bands of the MSS 
data can be selected as independent variables of the regression equations 
(or models) that qu an tita tive ly  re la te  the scanner data to  water qua lity  
parameters. These models can then be used to generate c la ss ifie d  water 
q u a lity  maps fo r the study area.
3. One source of e rro r 1n the transformation equations may have been 
the lack of ground control points over large expanses of water. The 
transformation equations were extrapolated fo r a ll areas beyond the lim its  
o f the ground con tro l. Future studies of th is  nature should examine the 
fe a s ib i l i ty  of using man-made structures, such as o il platforms, as ground 
control fo r water areas.
4. A helicopter provided the most e ff ic ie n t method fo r co llec ting  
water samples in the Atchafalaya Bay. The geographic coordinates of the 
he licopter at each sample s ite  should have been determined using posi­
tion ing  equipment (such as a theodolite) rather than by proxim ity to  a 
fixed  object. Any object located near the sample s ite  may contribute i ts  
spectral response to the brightness value recorded by the Landsat MSS.
5. Water samples collected w ith in  two hours of a Landsat overpass 
can be used to ca lib ra te  remotely sensed m ultispectra l data. Because of 
the tu rb id , highly dynamic conditions found in an aquatic environment
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such as the Atchafalaya Bay, however, the most representative water 
q u a lity  samples are those collected at precisely the time the image data 
is  acquired. Nearly simultaneous measurements may help to reduce a source 
o f e rror.
Based on the results  and the associated analysis that was performed 
on the coded gray maps fo r each water qua lity  parameter, the follow ing 
conclusions have resulted:
1. The best model fo r the quan tita tive  mapping of suspended solids 
in  Atchafalaya Bay on the study date u til iz e d  the squared mean brightness 
values of Landsat band 7 data. The co e ffic ie n t of determination fo r the 
model was R2 = 0.76. Unusually high sediment concentrations {in  some 
cases greater than 800 mg/1) were probably responsible fo r a s h if t  of the 
spectral d is tr ib u tio n  of upwelling radiation toward the longer wave­
lengths. The coded gray maps c lea rly  showed c ircu la tio n  patterns and 
areas of high suspended solids concentrations. Maximum sediment concen­
tra tio n s  appeared to  fa l l  ju s t seaward of the shell reefs, with some 
c irc u la tio n  Into East Cote Blanche Bay. A small sediment plume was v is ­
ib le  south of Four League Bay.
2. The best model fo r s a lin ity  mapping in the Atchafalaya Bay was 
developed using the product of the mean brightness values of band 5 and 
band 6 of the Landsat data. The co e ffic ie n t of determination fo r the 
model was R2 = 0.62. The s a lin ity  gray maps indicated that Atchafalaya 
Bay 1s essentia lly  well-mixed and u n s tra tif ie d , with s a lin ity  values 
s im ila r to those found 1n the Atchafalaya River. Other investigators have 
found sa tis fac to ry  corre lations between s a lin ity  and m ultispectral scanner 
radiance values, despite the fact tha t s a lin ity  may have no major known
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physical property measureable with the Landsat MSS. The relationships 
are apparently produced by a high covariance between s a lin ity  and a water 
parameter such as tu rb id ity  or suspended so lids. The model does not provide 
a highly re lia b le  means of mapping s a lin ity  in the Atchafalaya Bay.
These models were developed fo r the Atchafalaya Bay on February 
9, 1979. They re fle c t the environmental conditions 1n the study area 
during the co llec tion  of surface-tru th  and m ultispectra l scanner imagery. 
The approach using band 7 data fo r mapping suspended solids should 
provide good results 1n s im ila r environments where high concentrations 
o f suspended solids e x is t.
To derive more general models fo r the study area, fu ture  studies 
should investigate the general re la tionships between water qua lity  
parameters in Atchafalaya Bay and spectral responses fo r d iffe re n t 
seasons of the year and d iffe re n t environmental conditions.
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APPENDIX A
FORTRAN COMPUTER PROGRAM FOR 
CONVERSION OF ELECTRICAL CONDUCTIVITY 
TO SALINITY "Ml WATER QUALITY SAMPLES
C PROGRAM SALINITY CONVERSION 
C BY ROBERT H. HUGHES
C ELECTRICAL CONDUCTIVITY {MILLIMHOS/CM)
C IS CONVERTED TO SALINITY (PARTS PER THOUSAND)
C TEMPERATURE CONSTANT AT 25 DEGREES CENTIGRADE 
C RP=1.0 SINCE DEPTH WAS LESS THAN 100 METERS 
C INPUT DATA:
C COL. 1-10: BAND 4
C COL. 11-20: BAND 5
C COL. 21-30: BAND 6
C COL. 31-40: BAND 7
C COL. 41-50: SUSPENDED SOLIDS (mq/1)
C COL. 51-60: ELECTRICAL CONDUCTIVITY (millimhos/cm)
C COL. 61-64: SAMPLE SITE NUMBER
C
DOUBLE PRECISION RP,RT1,RT2,T,C,RC,SC 
T=25.DO 
RP=1. DO 
C PRINT HEADER INFORMATION 
WRITE(6,1)
1 FORMAT( 1H1 ,//4 X , 1 SITE• ,5X, 1B4‘ ,6X,B5,6X, 1B61,6X, 1B71,
16X, ■SS*,5X,’ ELEC-C0ND',4X,'SALINITY'//)
DO 50 1=1,33
READ(5,5)B4,B5,B6,B7,SS,C,SITE 
5 F0RMAT(5F10.0,1D10.0,A4)
RT1=0.67654668D0+0.020131661DO*T + 0.99886585D-04*T**2
1 -0.19426015D-06*T**3 - 0.67249142D-08*T**4
RT2=C/(42.896D0*RT1*RP)
RC=RT2+RT2*(RT2-1 .DO) * (T - l5 .DO)*(9 6 .7D0-72.D0*RT2
1 +37.3D0*RT2**2-(0.63D0 + 0.21D0*RT2**2)*(T-15.D0))
2 *10.D-05
SC=-0.08996D0 + 28.29720D0*RC + 12.80832D0*RC**2
1 -10.67869D0*RC**3+5. 98624D0*RC**4
2 -1.32311D0*RC**5
WRITE(6 ,10)SITE,B4,B5,B6,B7,SS,C,SC 
10 F0RMAT(5X,A4,3X,4(F5.2,3X),F5.1,6X,F6.3,6X,F6.3)
50 CONTINUE 
STOP 
END
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APPENDIX B
PROGRAMMABLE CALCULATOR (PCAL) PROGRAM 
FOR THE CALCULATION OF WATER 
CLASSES FOR SALINITY
1 LM R1 ,
2 01 20,
3 16,
4 ST R15
5 IF 9 9 6,
6 LM 255,
7 ST R4
8 EX,
9 LM R2,
10 ML R3,
11 ML -0.0318,
12 AD 20.6307
13 AD • 5,
14 IG 9
15 ST R4,
16 EC
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